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1997 Artificial Reef Biological Surveys
Introduction
This report describes biological community
development on Oceanside #2 (OAR2),
Carlsbad Artificial Reef (CAR), Pacific Beach
Artificial Reef (PBAR), and Mission Bay Park
Artificial Reef (MBPAR) off the southern
California coast (Figure 1). Shortly after
construction, biological communities on
artificial reefs undergo successional change
(Carlisle et ai. 1964; Turner et ai. 1969; Carter
etai. 1985; Matthews 1985; Solonsky 1985;
Ambrose and Swarbrick 1989; Anderson et ai.
1989; Hueckel and Buckley 1989; Wilson et ai.
1990; and Palmer-Zwahlen and Aseltine 1994).
Until a relatively stable community develops,
the performance of the artificial reefs is
difficult to evaluate. These four reefs were
surveyed by Department divers to assess how
closely their biological communities have
progressed towards a stable "equilibrium"
community.
OAR2 and PBAR were constructed in 1987 and
CAR in 1991 each with 10,000 tons of quarry
rock. The portion of MBPAR surveyed here
was constructed in 1992 with 9,200 tons of
concrete roadway rubble scattered over 20
acres. Other modules at MBPAR were
constructed with various materials including
sunken ships and concrete bridge rubble.
OAR2, PBAR, and CAR are experimental
reefs. Their purpose was to (1) provide shelter,
forage, nesting, and nursery areas for fishes and
invertebrates; (2) offer rocky substrate for the
attachment and growth of marine animals and
plants, particularly giant kelp (Macrocystis sp.);
and (3) provide study sites to investigate the
effect of reef location, depth, relief, and rock
size on the development of associated biotic
communities. OAR2 and PBAR consist of 12
module pairs arranged along three depth strata
with varying height and boulder size (Table 1 &
Figure 2) while CAR has 12 single modules
arranged in three depth strata which are
shallower (Figure 3) than the other two reefs.
MBPAR was created primarily to enhance
fishing opportunities for recreational anglers.
The module surveyed is of special interest
because it has maintained a healthy stand of
giant kelp longer than any other artificial reef.
Due to the young age of the reefs and the rapid
successional changes which occur in the
associated biotic communities of new reefs, past
surveys were generally qualitative in nature.
Although some reefs are now ten years old, their
communities still appear to be subject to
successional change. The effort required for
more quantitative surveys is not justified while
reef communities are still in this stage of
development. By using similar sampling
procedures we are also able to make direct
comparisons with past surveys. Data from earlier
surveys are presented along with current data to
document changes in the reef communities over
time (Grant 1991; Bedford 1993; and Bedford et
ai. 1995). The modules surveyed earlier may
not have been the same modules surveyed in the
current study. Some of the differences noted
may be due to variation in development
between modules.
Methods
During December 1996 and March 1997,
Nearshore Sport Fish Habitat Enhancement
Program (NSFHEP) biologist-divers surveyed
these four reefs to evaluate the assemblage of
fishes, macroinvertebrates, turf communities
(small invertebrates and plants), and macroalgae
on selected modules at each depth contour.
MBPAR was surveyed in December 1996 while
OAR2, CAR, and PBAR were surveyed the
following March. The surveys in March were the
fIrst to be made during spring months. Modules
were located by using differentially corrected
Geographic Positioning System (GPS) and
echosound.
Physical data collected included module depth,
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height, and water visibility. Module depth and
height were determined by averaging numerous
depth gauge readings taken along the module
base and crest. Visibility was recorded as the
distance at which an orange meter tape reel
disappeared along the module base and crest.
Relative abundances of fishes were determined
by counts estimated while swimming over and
around a module several times. These estimates
were placed into four categories: abundant (>50
individuals), common (11-50 individuals),
occasional (2-11 individuals), and one (1
individual). Fish size was estimated using three
categories: adult (A), juvenile (J), and young-
of-year (Y). Before 1994 no distinction was
made between juveniles and Young-of-Year
(YOY); all young fish were counted as
subadults (8). This change in sampling
procedure allows us to identify species which
recruited to the reefs at very young life stages.
Densities of macroinvertebrates and macroalgae
(species large or individually distinct enough to
be counted as individuals) were estimated by
counting all individuals, within one meter on
either side of a transect line, run from the base
of a module over the crest and down to the base
on the opposite side. The counts are reported as
the average number of individuals per square
meter (m2). In addition to counts, macroalgae
size was estimated using three categories of
height: Al (1 in.- 1 ft.), A2 (1 ft. to the
subsurface), and A3 (surface canopy).
Estimated percent cover for turf community
organisms (attached invertebrates and algae
which "blanket" areas of reef) was averaged for
up to twelve quarter-square meter quadrats
placed at regular intervals along a transect line.
The 1990 survey categorized turf organisms as
abundant (>50% cover), common (11-500/0
cover), occasional (2-11 % cover), or rare (~ 1%
cover). Subsequent surveys reported average
percent cover and not relative abundance
2
MR Administrative Report 98-6
categories. For discussion purposes, organisms
with at least 9% average coverage are considered
major turf community components and those
with less are minor components (Palmer-
Zwahlen and Aseltine, 1994). Due to time
limitations, only seven quadrats at MBPAR and
eight quadrats at the PBAR deep module were
sampled.
Results
Physical Data
Modules Ie (shallow, 42 feet), 2B (mid-depth,
60 feet), and4A (deep, 72 feet) at OAR2 (Figure
2) were surveyed from 4-5 March 1997.
Visibility was 10 feet at all modules; module
heights ranged from 8 to 9 feet (Table 1).
Modules 2 (shallow, 43 feet) and 6 (mid-depth,
49 feet) were surveyed at CAR on 11 March
.1997 and module 10 (deep, 58 feet)
was surveyed on 18 March 1997. Visibility
ranged from 5 to 15 feet; module height ranged
from 9 to 15 feet (Table 1).
Modules 4C (shallow, 47 feet), 4B (mid-depth,
60 feet), and 4A (deep, 76 feet) were surveyed at
PBAR on 27-28 March 1997. Visibility ranged
from 10 to 20 feet; module height ranged from 9
to 11 feet (Table 1).
A section of the concrete rubble module at
MBPAR was sampled on 20 December 1996.
Visibility was 20 feet, water depth was 60 feet,
and module height was 1-3 feet (Table 1).
Biological Data
Fishes
Many fish species common on nearshore reefs in
southern California (Wilson et ale 1990) were
observed on each of the reef modules surveyed
(Tables 2-5). In total 27 species of fishes were
seen during these surveys. Blacksmith (Chromis
punctipinnis) was the most numerous species
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overall and the only species ranked as
abundant on all modules. Both adult and
juvenile blacksmith were found on all modules
with YOY blacksmith on just two. Kelp bass
(Paralabrax clathratus), barred sand bass
(Paralabrax nebulifer), California sheephead
(Semicossyphus pulcher, which will be referred
to as "sheephead" for the remainder of this
report), and black surfperch (Embiotoca
jacksoni) were observed on all modules and
were abundant on two or more modules. Other
species which were abundant on some modules
but absent from others were senorita (Oxyjulis
californica) and blackeye goby (Coryphopterus
nicholsii).
The greatest number of species, 17, were
observed at CAR shallow and deep and PBAR
mid-depth modules. The fewest species, 9,
were observed at OAR2 shallow module.
Although this module showed a large drop in
the number of species compared to previous
surveys, other modules in the same complex
did not show similar low numbers of species.
There has been no clear trend in number of
species over the years between reefs and
module depths (Tables 2-4).
OAR2 had 9 species on the shallow module and
14 on both the mid-depth and deep modules.
All observed species had adult sizes present.
The shallow module also had juvenile black
croaker (Cheilotrema saturnum) and
blacksmith. The mid-depth module had juvenile
blacksmith, juvenile black surfperch, and YOY
sheephead. YOY blacksmith and sheephead
were also on the deep module.
CAR had 17 species on the shallow and deep
modules and 15 species on the mid-depth.
Nearly all species on CAR were present as
adults; however, sargo (Anisotremus
davidsonii) were present only as juveniles.
Juvenile kelp bass, black surfperch, and
blacksmith were also present on all modules.
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In addition, juvenile California scorpionfish
(Scorpaena guttata, which will be referred to as
"scorpionfish" for the remainder of this report)
and pile surfperch (Rhacochilus vacca) were on
the shallow module; juvenile sargo, sheephead,
and scorpionfish were on the mid-depth module;
and juvenile sargo and senorita were on the
deep module. No YOY were observed on this
reef.
PBAR had 11 species on the shallow module, I7
species on the mid-depth module, and 10 species
on the deep module. Only adults were present
on the shallow module. All fish were adults on
the mid-depth module except for pile surfperch
Guveniles only) and blacksmith Guveniles and
adults). All fish were adults on the deep module
except for pile and black surfperches Guveniles
only) and blacksmith and senorita (adults and
juveniles).
Sixteen species were observed on the MBPAR
concrete rubble module. Adults of all species
except barred sand bass Guveniles only) were
present. Juvenile blacksmith, kelp bass, white
surfperch (Phanerodonfurcatus), and pile
surfperch were also observed.
Macroinvertehrates
The number of macroinvertebrate species
observed at the four reefs ranged from two to
seven per module (Tables 5-8). Giant-spined
sea stars (Pisaster giganteus) were the most
abundant macroinvertebrate on five of the
modules while spiny lobsters (Panulirus
interruptus), ochre sea stars (Pisaster
ochraceus), sea cucumbers (Parastichopus
parvimensis), bat stars (Asterina miniata), or
wavy turban snails (Lithopoma undosum) were
the most abundant on the remaining modules.
The deep module at PBAR had the most
macroinvertebrate species (seven) found on any
module, while the shallow and deep OAR2 and
the shallow CAR modules had the fewest (two
each) macroinvertebrate species.
At OAR2, the shallow and deep modules each
had two species while the mid-depth module
had five species. Giant-spined sea stars were
the most numerous shallow module species, sea
cucumbers were most numerous on the mid-
depth module, while giant-spined and ochre sea
stars were equally common on the deep module
(Table 6).
Two macroinvertebrate species were present on
the shallow CAR module while the mid-depth
and deep modules had five species. The most
common species on the shallow and deep
modules was the spiny lobster and on the mid-
depth module, the giant-spined sea star
(Table 7).
Overall, PBAR had the highest number of
macroinvertebrates species per module. The
shallow module had four species, the mid-depth
module six, and the deep module seven. The
giant-spined sea star was the most common
macroinvertebrate on the PBAR shallow and
mid-depth modules while the bat star was the
most common on the deep module. Spiny
lobsters were also among the most numerous
species on all modules (Table 8).
The MBPAR concrete rubble module had four
macroinvertebrate species and was the only
module during this survey where wavy turban
snails were the most common species (Table 5).
Macroalgae
Macroalgae were relatively rare on most
artificial reefs (Tables 5, 9-11). Although giant
kelp (Macrocystis pyrifera) and Desmarestia
had been previously observed on OAR2, no
macroalgae were observed there during the
current survey (Table 9). Macroalgae were also
relatively scarce on CAR which had abundant
giant kelp two years ago (Table 10). Cystoseira
was the most abundant macroalga on the PBAR
shallow and mid-depth modules but was absent
from the deep module (Table 11). The only
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substantial macroalgal community observed
during this survey was the giant kelp forest on
the MBPAR concrete rubble module (Table 5).
Turf Community
Erect ectoprocts (primarily Bugula spp.) had the
highest percent coverage on six modules.
Orange cup coral (Astrangia spp.), golden
gorgonian (Muricea californica), and ostrich-
plumed hydroid (Ag/aophenia struthionides) had
the highest percent coverage on the remaining
modules. The above taxa are considered major
turf community components (> 9% coverage).
Other major components on one or more
modules are scaled worm mollusk (Serpulorbis
squamigerus), strawberry anemone (Corynactis
californica), and hydroids (Obelia spp. and
Plumularia spp.). Except for PBAR, other reef
modules surveyed had sparse filamentous
(Polysiphonia spp.) and foliose (Rhodymenia
spp., Gigartina spp., Pterocladia spp.) red algal
turf communities.
At OAR2, erect ectoprocts were a major
component of the turf community on all modules
(Table 12). Golden gorgonians on the shallow
module and strawberry anemones on the mid-
depth and deep modules were also major turf
components. Filamentous red algae on the mid-
depth module was the only major algal turf
component (Table 15).
Erect ectoprocts and golden gorgonians were
major components of the turf community on all
CAR modules (Table 13). The scaled worm
mollusk was also a major component on the
shallow and mid-depth modules. Foliose red
algae was a major turfcomponent on the
shallow module (Table 16).
The PBAR turf community differed from other
reef modules during this survey with relatively
low invertebrate coverage and high algal
coverage (Tables 14 and 17). PBAR modules
had either one or no major invertebrate turf
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components compared to two or three major
turf invertebrate components on other reefs.
All PBAR modules had both filamentous and
foliose red algae as major components of the
turf community, while other reefs had at most a
single module with a major algal turf
component. Total algal turf coverage at PBAR
was greater than 40% while all other reefs had
less than 15%.
The major components of the MBPAR turf
community were erect ectoprocts and hydroids.
The sparse algal turf consisted largely of foliose
red algae (Table 5).
Discussion
The number of fish species on reefs during this
survey is generally within the range of 13-22
species found in previous surveys of southern
California artificial reefs (Ambrose and
Swarbrick, 1989) when species numbers for all
modules surveyed are cumulatively added for a
given reef.
Until the current survey, the number offish
species on OAR2 had generally increased over
time. The shallow module had 11 species in
1990,14 in 1992,17 in 1994, and 9 in 1997.
The mid-depth module had 13 species in 1990,
11 in 1992, 14 in 1994, and 14 species in 1997.
The deep module (not surveyed in 1990), had
11 species in 1992, 17 in 1994, and 14 species
in 1997.
There was little change in the number of fish
species on CAR during the past three surveys.
The shallow module had 14 species in 1992 and
1994, and 17 in 1997. The mid-depth module
had 20 species in 1992, 17 in 1994, and 15 in
1997. The deep module had 14 species in
1992, 13 in 1994, and 17 in 1997. The stability
of the fish community at CAR is surprising
since once abundant giant kelp disappeared
between 1994 and 1997. Black croaker, rock
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wrasse (Halichoeres semicinctus), and
California barracuda (Sphyraena argentea) were
the only abundant or common species in 1994
which were in neither of those categories in
1997.
The number of fish species on PBAR shows no
definite trend over time. A 1988 survey of
PBAR found eleven species of fish (MBC
1988). The shallow module had 13 species in
1990, 20 in 1992, 13 in 1994, and 11 in 1997.
The mid-depth module had 14 species in 1990,
17 in 1992, 11 in 1994, and 17 in 1997. The
deep module had 13 species in 1990, 18 in 1992,
13 in 1994, and 10 in 1997.
Some of the changes in number of fish species
observed on modules could be the result of
seasonal differences in fish occurrence since
previous surveys were conducted in the fall
while most 1997 surveys were conducted in the
spring. Since modules showed no overall
trends, the observed changes in species number
are more likely due to year-to-year variation.
The low-relief« 3 ft) MBPAR concrete rubble
module is the only reef module surveyed this
year constructed of material other than high-
relief (>8 ft) quarry rock. These differences
have not affected the associated fish community
which is similar to the other artificial reefs. The
only fish seen exclusively at MBPAR was a
single smooth ronquil (Rathbunella hypoplecta).
The 16 species seen at MBPAR are among the
higher totals and no other module in the current
survey had four abundant species. Three of
these abundant species were also abundant on
other modules. The blackeye goby may be
abundant at MBPAR because the scattered low-
relief design of the reef maximizes rock-sand
habitat favored by this species. Since this
MBPAR module covers a much larger area than
the others, these numbers might not be
comparable to other modules. When divers
estimate fish abundance on smaller modules,
they frequently swim over the same area and try
to avoid counting fish twice. The larger area at
MBPAR produces a longer effective search
time since areas are not likely to be covered
twice. The presence of kelp on MBPAR could
also be a factor in increasing fish abundance.
No comparisons with previous years were made
since earlier surveys at MBPAR were on
modules consisting of other materials including
sunken vessels.
The presence ofjuvenile and YOY fish indicate
that artificial reefs provide new nursery habitat
for some species. These young fish probably
settle out of the plankton (except for live-
bearing surfperch) and grow on the reefs. Up
until the current survey, most reefs had shown
steady increases in the number of species with
juveniles or YOYs; however, YOYs and
juveniles were not as common in 1997 as in
preVIOUS surveys.
In 1990 OAR2 only had subadult (surveys prior
to 1994 only used "adult" and "subadult" as size
categories) blacksmith and garibaldi
(Hypsypops rubicundus). In 1992 subadult
sheephead, senorita, and kelp bass were also
observed. By 1994 eight additional species had
juveniles or YOYs: black croaker,jack
mackerel (Trachurus symmetricus), barred sand
bass, black surfperch, pile surfperch,
scorpionfish, rock wrasse, and white surfperch.
Only juvenile or YOY blacksmith, black
surfperch, and sheephead were seen in 1997.
CAR had subadult blacksmith, white surfperch,
senorita, sheephead, kelp bass, pile surfperch,
black surfperch, blackeye goby, and garibaldi in
1992. In 1994 black croaker, sargo,
scorpionfish, California barracuda, rock wrasse,
salema (Xenistius californiensis), rainbow
surfperch (Hypsurus caryi), and halfmoon
(Medialuna californiensis) were also observed
as juveniles or YOy. Only juvenile or YOY
blacksmith, black surfperch, sheephead, sargo,
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senorita, kelp bass, and scorpionfish were seen
in 1997.
In 1990 only subadult blacksmith were on
PBAR. By 1992 subadult senorita, sheephead,
blackeye goby, black surfperch, olive rockfish
(Sebastes serranoides), brown rockfish
(Sebastes auriculatus), and rubberlip surfperch
(Rhacochilus toxotes) were also on the reef. Ten
species, including painted greenling (Oxylebius
pictus), barred sand bass, kelp bass, pile
surfperch, and white surfperch had juveniles or
YOY on the reef in 1994. The only species
observed as juveniles or YOY in 1997 were
blacksmith, senorita, black surfperch, halfmoon,
and painted greenling.
Only juvenile blacksmith, kelp bass, barred sand
bass, sheephead, and white surfperch were
observed on MBPAR. There were no YOY.
The lack ofjuvenile and YOY sightings could
have been the result of seasonal differences in
divers' ability to distinguish YOY from
juveniles and juveniles from adults based on
size. Previous surveys were conducted in the
fall when size differences between YOY,
juveniles, and adults were more pronounced.
The low numbers ofyoung fish may also be due
to the large El Nino which was developing at the
time of the surveys.
Macroinvertebrate communities show few
distinct trends on any of these artificial reefs.
The giant-spined sea star remains one of the
most abundant species on nearly all reef
modules. CAR and PBAR are characterized by
numerous spiny lobsters. Juvenile lobsters were
"abundant on all reef modules" at PBAR as early
as 1988 (MBC, 1988). That trend continued
through the current survey. The high abundance
of spiny lobsters on CAR and PBAR may be the
result of dispersal from nearby natural reefs.
Although similar in construction to PBAR,
OAR2 has no nearby natural reefs and fewer
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spiny lobsters.
Changes in macroalgal communities on young
artificial reefs mainly involve giant kelp. Giant
kelp is an early colonizer of many artificial
reefs, but has rarely persisted. Other
macroalgal species also show large fluctuations
in abundance from year to year.
The OAR2 macroalgal community has
fluctuated over the years. In 1990 shallow and
mid-depth modules had giant kelp forming a
surface canopy. By 1992 very few macroalgae
were present on the reef. The 1994 survey
indicated that kelp was once again recruiting to
the reef on the shallow and mid-depth modules.
The current survey found no macroalgae.
Up until the 1997 survey, CAR had maintained
an abundant giant kelp population. Clo~e
proximity «0.5 km) to supplies of spores and
drift plants from natural kelp beds up and down
the coast gave CAR a good chance of
maintaining a persistent kelp population.
However, the macroalgal community at CAR
has followed the typical pattern of high relief
artificial reefs in which dense initial giant kelp
populations eventually disappear. These results
indicate proximity to natural kelp beds will not
prevent the disappearance of kelp from high
relief artificial reefs.
PBAR has also shown great fluctuation in
macroalgal abundance over time. PBAR is
another example of an artificial reef with
relatively close proximity (1-5 km) to natural
kelp beds (La Jolla and Pt. Loma) but no
consistently persistent kelp population. A 1988
survey of PBAR noted that "there were
significant numbers of recently recruited
Macrocystis and Pterygophora on almost all
modules" (MBC, 1988). In 1990 one module
had a surface canopy and macroalgae were on
all modules. Macroalgae were still on all
modules in 1992, but no macroalgae were
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found in 1994. Macroalgal populations
including giant kelp returned to PBAR in 1997,
but were not abundant (Table 11).
Unlike high relief artificial reefs, the scattered
concrete rubble module at MBPAR has
maintained a persistent and abundant giant kelp
population for at least five years and there is no
indication it will disappear soon. Although most
kelp plants do not reach the surface, there are
many large plants with numerous stipes as well
as many young plants. Another curious aspect
of this reef is the occurrence of elk kelp
(Pelagophycus porra) interspersed with the giant
kelp. On nearby natural reefs, elk kelp occurs
only along the deeper edges of giant kelp
concentrations. MBPAR is a valuable model for
designing and constructing artificial reefs which
could support persistent giant kelp populations.
Turf communities on artificial reefs are an
important component of the reef ecosystem. In
addition to providing primary production from
turf algae, attached invertebrates filter plankton
and detritus out of the water and provide a food
source for larger animals. Turf communities
also provide shelter for small mobile animals
including amphipods and newly settled juvenile
and YOY fish. Young sheephead, kelp bass,
black surfperch, senorita, and rock wrasse
commonly hide among gorgonians.
Turf communities are very dynamic and can take
many years to stabilize. Palmer-Zwahlen and
Aseltine (1994) believed the Pendleton Artificial
Reef (PAR) turf community would continue to
change after six years of development. Since the
turf communities on the artificial reefs still show
changes, our data indicate succession continued
after ten years. A large, recent settlement of
mussels (Mytilus sp.) at PAR implies there can
be significant changes in the turf community
even after relative stability has been established.
Changes in the OAR2 invertebrate turf
community have slowed over time. In 1990 the
mud ectoproct (Cryptoarachnidium sp.), an
early colonizer, was common to abundant on all
modules while barnacles were occasional to
common. By 1992 no mud ectoprocts were
observed, barnacles were common only on the
mid-depth module and erect ectoprocts had
become an important component on all
modules. In subsequent surveys, the dominant
organisms were golden gorgonian, erect
ectoprocts, and strawberry anemone. Although
the dominant organisms have remained the
same for the past two surveys, percent
coverages for these taxa continue to increase
(Table 12). Future turf community
development will likely show increases in
coverage rather than changes in dominant taxa.
The algal component of the turf community has
remained relatively minor in importance on
OARl. Total coverage of algal turf has never
been more than 20% and in the most recent
survey, total algal turf coverage for all modules
was lower than in previous surveys (Table 15).
The CAR invertebrate turf community also
shows development over the years. In 1992
erect ectoprocts, mussels, or hydroids were
dominant depending on module depth. In later
surveys, golden gorgonian and scaled worm
mollusk joined erect ectoprocts as dominant
organisms while mussels and hydroids became
scarce. The algal turf community was also an
important component in past surveys, but was
relatively minor in 1997 (Table 16).
Module depths at CAR are not directly
comparable with other reefs such as OARl and
PBAR. Shallow, mid-depth, and deep modules
at OARl and PBAR are deeper than at CAR.
This becomes an important consideration since
it appears deeper modules have different turf
community structures and lower overall percent
coverages.
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Although the PBAR turf community also shows
overall increases in coverage, it remains
different from other reefs in species composition
and coverage. The dominant turf invertebrates
are orange cup coral and ostrich-plume hydroid
(Table 14). PBAR is also the only reefwith
dominant algal turf components (Table 17). The
turf community at PBAR might result from
intense foraging on invertebrates by the
abundant spiny lobsters.
The four artificial reefs surveyed this year
continue to undergo successional changes. Fish
and macroinvertebrate communities appear to be
fluctuating with environmental conditions, but
based on this and past surveys, will remain
similar to the current structure. The algal and
invertebrate turf communities will likely
increase in number of species and percent
coverage. Future changes in turf communities
will probably not be dramatic; the most likely
changes will be increasing coverage by the
dominant species. While biological
communities on artificial reefs continue to show
changes, the rates of these changes appear to
slow with time. The biological communities of
OARl and PBAR are probably stable enough to
begin studies to compare performance in reef-
design variables.
Acknowledgments
I wish to thank Dennis Bedford and Steve Wertz
who participated in dive operations. Thanks also
to Bill Maxwell, Fish and Game/Sport Fish
Restoration Act coordinator, for his support of
the program, and to the Dingell-Johnson Federal
Sport Fish Restoration Act which provided the
funding necessary to obtain the information
needed to improve sport fish habitat through the
construction of artificial reefs. Dave Parker
suggested many helpful improvements for the
final manuscript. Bob Leos also provided
valuable editorial comments.
1997 Artificial Reef Biological Surveys
LITERATURE CITED
Ambrose, R. F. and S. L. Swarbrick. 1989. Composition offish assemblages on artificial and
natural reefs off the coast of southem California. Bull. Mar. Sci. 44(2):718-733.
Anderson, T. W., E. E. DeMartini and D. A. Roberts. 1989. Relationship between habitat
structure, body size and distribution of fishes at a temperate artificial reef. Bull. Mar. Sci.
44(2):681-697.
Bedford, D. W. 1993. A report of biological observations at Oceanside #1 and #2 Artificial
Reefs, Carlsbad Artificial Reef, Pacific Beach Artificial Reef, and Mission Bay Park Artificial
Reef. 20 p.
Bedford, D., J. Kashiwada and G. Walls. 1995. Biological surveys of five southern artificial
reefs: Oceanside #1, Oceanside #2, Carlsbad, Pacific Beach, and Mission Bay. 17 p.
Carlisle, J. G., C. H. Turner and E. E. Ebert. 1964. Artificial habitat in the marine environment.
Calif. Dept. Fish and Game. Fish Bull. 124.93 p.
Carter, J. W., A. L. Carpenter, M. S. Foster and W. N. Jessee. 1985. Benthic succession on an
artificial reef designed to support a kelp-reef community. Bull. Mar. Sci. 37(1):86-113.
Grant, J. J. 1991. A report of biological observations at Pacific Beach Artificial Reef, Oceanside
Artificial Reef, and Santa Monica Bay Artificial Reef. 14 p.
Hueckel, G. J. and R. M. Buckley. 1989. Predicting fish species on artificial reefs using indicator
biota from natural reefs. 44(2):873-880.
Matthews, K. R. 1985. Species similarity and movement of fishes on natural and artificial reefs
in Monterey Bay, California. Bull. Mar. Sci. 37(1):252-270.
MBC Applied Environmental Sciences. 1988. Survey of the Pacific Beach Artificial Reef
Complex. Report prepared for the California Department of Fish and Game.
Palmer-Zwahlen, M. and D. Aseltine. 1994. Successional development of the turf community on a
quarry rock artificial reef. Bull. Mar. Sci. 55(2-3): 902-923.
Solonsky, A. C. 1985. Fish colonization and the effects of fishing activities on two artificial reefs
in Monterey Bay, California. Bull. Mar. Sci. 37(1):336-347.
Turner, C. H., E. E. Ebert and R. R. Given. 1969. Man made reef ecology. Calif. Dept. Fish and
Game. Fish Bull. 146.221 p.
Wilson, K. C., R. D. Lewis and H. A. Togstad. 1990. Artificial Reef Plan for Sport Fish
Enhancement. Calif. Dept. Fish and Game. Admin. Rpt. 90-15. 76 p.
9
/
/
/
/
o SanDieg~ /
/
/
/
,
,
,
,
,
,
,
,
o Ocea~ide
'"
,
,
'" ,
"-
"-
Dana Point
'"
Pacific Beach A R
Mission Bay Park A R.
N
Figure 1. Locations of artificial reefs surveyed.
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MODULE MATERIAL YEAR DEPTH MODULE VISIBILITY
CONSTRUCTED (feet) HEIGHT (feet) (feet)
OCEANSIDE #2 10,000 tons quarry rock 1987
4C 42 8 10
4B 60 9 10
4A 72 8 10
CARLSBAD 10,000 tons quarry rock 1991
1 37 15 15
5 42 9 5-15
9 57 9 10
PACIFIC BEACH 10,000 tons quarry rock 1987
4C 42 9 10
4B 60 11 15-20
4A 76 10 15-20
MISSION BAY 9,200 tons concrete roadNfr.J rubble 1989
Concrete 60 1-3 20
Table 1. Physical characteristics of artificial reefs surveyed in 1997.
Table 2. OCEANSIDE NO.2 - FISH RELATIVE ABUNDANCE AND SIZE ESTIMATES
1990 1992 1994 1997
SHALLOW MODULE
Abund Size Abund. Size Abund Size Abund Size
Blacksmith A A,S Sheephead A A,S Black croaker A A,J Barred sand bass A A
Halfmoon A A Black surfperch A A Blacksmith A A,J,Y Blacksmith A A,J
Kelp bass A A Black croaker A A Jack mackerel A J Black croaker C A
Black surfperch A A Senorita A S Sargo A A,J,Y Black surfperch C A,J
Senorita A A Jack mackerel A A Senorita A A,J,Y Kelp bass C A
Sheephead C A Blacksmith A A,S Barred sand bass C A,J Scorpionfish C A
Pile surfperch C A Scorpionfish C A Black surfperch C A,J Senorita C A
Rock wrasse C A Kelp bass C A,S Kelp bass C A,J,Y Sheephead C A
Garibaldi C A,S Painted greenling 0 A Sheephead C A,J Garibaldi 0 A
Kelpfish 0 A Blackeye goby 0 A Pile surfperch 0 A,J
Barred sand bass 0 A Garibaldi 0 A
Pile surperch 0 A Halfmoon 0 A
Opaleye 0 A Rock wrasse 0 A,J
Rock wrasse 0 A Rubberlip surfperch 0 A
Scorpionfish 0 A,J
White surfperch 0 J
Painted greenling 1 A
MIDDLE MODULE
Abund Size Abund. Size Abund Size Abund Size
Blacksmith A A,S Blackeye goby A A Blacksmith A A,J,Y Barred sand bass A A
Scorpionfish A A Blacksmith A A,S Jack mackerel A J Blacksmith A A,J,Y
Kelp bass A A Black surfperch A A Black croaker C A Black surfperch C A,J
Halfmoon A A Sheephead C A,S Barred sand bass C A,J Blackeye goby C A
Barred sand bass C A Pile surfperch 0 A Black surfperch C A,J Kelp bass C A
Rock wrasse C A Rock wrasse 0 A Halfmoon C A Scorpionfish C A
White surfperch C A Kelp bass 0 A,S Kelp bass C A,J Sheephead C A,Y
Black surperch C A Barred sand bass 0 A Sargo C A Bluebanded goby 0 A
Sheephead 0 A Garibaldi 0 A Scorpionfish C A Garibaldi 0 A
Garibaldi 0 A Painted greenling 1 A Sheephead C A,J Halfmoon 0 A
Pile surfperch 0 A Olive rockfish 1 A Pile surfperch 0 A Opaleye 0 A
Opaleye 0 A Garibaldi 0 A Pile surfperch 0 A
Blackeye goby 0 A Rubberlip surfperch 0 A Sargo 0 A
CA Halibut 1 A Treefish 0 A
DEEP MODULE
Abund. Size Abund Size Abund Size
Blackeye goby A A Black croaker A A Barred sand bass A A
NO SURVEY- Blacksmith A A,S Blacksmith A A,J,Y Blacksmith A A,Y
MODULE NOT LOCATED Halfmoon A A Jack mackerel A J Kelp bass A A
Sheephead C A,S Pacific sardine A A Sheephead C A,Y
Kelp bass C A Barred sand bass C A,J Black surfperch C A
Black surfperch C A Black surfperch C A Halfmoon C A
SCorpionfish C A Kelp bass C A,J Black croaker 0 A
Barred sand bass 0 A Pile surfperch C A Scorpionfish 0 A
Rock wrasse 0 A Sargo C A Sargo 0 A
Painted greenling 1 A Scorpionfish C A CA halibut 1 A
Lingcod 1 A Sheephead C A,J Treefish 1 A
Blackeye goby 0 A Painted greenling 1 A
Halfmoon 0 A White surfperch 1 A
Rock wrasse 0 A
Rubberlip surfperch 0 A
Senorita 0 A,J
Bluebanded goby 1 A
Abundance estimates for number of fishes are: A (abundant) = > 50; C (common) = 11-49; 0 (occasional) = 2-10; and 1 (one) = 1
Size estimates: A=Adult, S=Subadult (After 1992 the Subadult size was divided into J=Juvenile and Y=Young-of-Year).
Table 3. CARLSBAD - FISH RELATIVE ABUNDANCE AND SIZE ESTIMATES
1992 1994 1997
SHALLOW MODULE
Abund. Size Abund. Size Abund. Size
Halfmoon A A Blacksmith A A,J,Y Black surfperch A A,J
Blacksmith A S Sel'\orita A A,J,Y Blacksmith A A,J
White sUrfperch A A,S Black croaker C A,J Sheephead A A
Kelp surfperch A A Black surfperch C A,J Barred sand bass C A
Sellorita A A,S Halfmoon C A Halfmoon C A
Sheephead C A Kelp bass C A,J,Y Kelp bass C A,J
Black surfperch C A Rock wrasse C A Sargo C A
Pile surfperch C A,S Sargo C A,J,Y SCorpionfish C A,J
Kelp bass C A,S Sheephead C A,J Sel'\orita C A
Sargo a A Garibaldi a A,J White surfperch C A
Barred sand bass a A Kelpfish a A Black croaker a A
Kelpfish 1 A Scorpionfish a A Garibaldi a A
Rock wrasse 1 A White seabass a A apaleye a A
HalibU1 1 A White sUrfperch a A,J Painted greenling a A
Pile surfperch a A,J
Rock wrasse a A
Rainbow sUrfperch 1 A
MIDDLE MODULE
Abund. Size Abund. Size Abund. Size
Salema A A Black croaker A A,J Blacksmith A A,J
Blacksmith A A,S Blacksmith A A,J,Y Black surfperch A A,J
Jack mackerel A A Sargo A A,J Sheephead C A,J
5el'\orita A A,S Sel'\orita A A,J Sargo C J
Halfmoon A A Black surfperch C A,J 5etlorita C A
Rubberlip surfperch C A Barracuda C J Kelp bass C A,J
Sheephead C A,S Kelp bass C A,J,Y Barred sand bass C A
White surfperch C A,S Rock wrasse C A,J SCorpionfish C A,J
Kelp bass C A,S Sheephead C A,J Halfmoon a A
Barred sand bass C A Garibaldi a A,J Rubberlip perch a A
Walleye surfperch C A Halfmoon a A Garibaldi a A
Pile surfperch C A,S apaleye a A Rock wrasse a A
Kelp surfperch C A Salema 0 J Kelp rockfish 1 A
Black surfperch C A,S White sUrfperch a A,J Black croaker 1 A
Rock wrasse C A Barred sand bass 1 A Painted greenling 1 A
Sargo a A Kelpfish 1 A
Scorplonfish a A Rainbow surfperch 1 J
Blackeye goby a A
Cabezon a A
Garibaldi a S
DEEP MODULE
Abund. Size Abund. Size Abund. Size
Sel'\orita A A,S Black croaker A A,J Blacksmith A A,J
Blacksmith A A,S Blacksmith A A,J,Y SeI'\orita A A,J
White sUrfperch A A Sel'\orita A A,J,Y Sheephead A A
Sheephead C A,S Black surfperch C A,J,Y Barred sand bass C A
Kelp bass C A Kelp bass C A,J,Y Black surfperch C A,J
Black surfperch C A,S Rock wrasse C A,J Garibaldi C A
Kelp sUrfperch C A Sargo C A,J,Y Kelp bass C A,J
Rubberlip surfperch C A Sheephead C A,J Sargo C J
Blackeye goby C A,S Halfmoon C A,J Black croaker 0 A
Halfmoon a A Opaleye a A Blackeye goby 0 A
Scorplonfish a A Pile surfperch 0 A Halfmoon a A
Rock wrasse a A White surfperch a J,Y apaleye a A
Brown rockfish a A Brown rockfish 1 A Painted greenling a A
Barred sand bass a A Pile surfperch a A
Rainbow surfperch a A
Rock wrasse 0 A
Kelp rockfish 1 A
Abundance estimates for number of fishes are: A (abundant) = > 50; C (common) = 11-49; a (occasional) = 2-10; and 1 (one) = 1
Size estimates: A=Adult, S=Subadult (After 1992 the Subadult size was divided into J=Juvenile and Y=Young-of-Year).
Table 4. PACIFIC BEACH - FISH RELATIVE ABUNDANCE AND SIZE ESTIMATES
1990 1992 1994 1997
SHALLOW MODULE
Abund. Size Abund. Size Abund Size Abund. Size
Blacksm~h A A,S Blacksm~h A A,S Blacksm~h A A,J,Y Black surfperch A A
Black IUrfperch C A Kelp bass A A Barred sand bass C A,J Blacksm~h A A
Halfmoon C A Senorita A A,S Kelp bass C A,J Kelp bass C A
Rock_58 C A Black surfperch C A Senorita C A,J Rock wrasse C A
Sellorita C A Blackeye goby C A S'-phead C A,J Sheephead C A
Blackeye goby 0 A Barred sand bass 0 A Black croaker 0 A Barred sand bass 0 A
Garibaldi 0 A Black croaker 0 A Black IUrfperch 0 A,J Garibaldi 0 A
Kelp bals 0 A Brown rockfish 0 A Blackeye goby 0 A Halfmoon 0 A
Painted greenling 0 A Cabazon 0 A Garibaldi 0 A Opaleye 0 A
Pile IUrfperch 0 A Garibaldi 0 A Halfmoon 0 A,J Rubberiip surfpereh 0 A
Halibut 1 A Halfmoon 0 A Opaleye 0 A Painted greenling 1 A
5corpionfish 1 A Opaleye 0 A Painted greenling 0 A,J
Turbot sp. 1 A Painted greenling 0 A Scorpionfish 0 A
Rainbow surfperch 0 A Brown rockfish 1 A
Rock wrasse 0 A Moray eel 1 A
Rubberiip surfperch 0 A
Sargo 0 A
Scorpionfish 0 A
Sheephead 0 A,S
WMe surfpereh 0 A
MIDDLE MODULE
Abund. Size Abund. Size Abund Size Abund. Size
Barred sand bass A A Barred sand bass A A Blacksm~ A A,J,Y Black surfperch A A
Black IUrfperch A A B1acklm~h A A Barred sand bass C A,J Blacksm~h A A,J
Blackamith A A,S Senorita A A,S Black lurfpereh C A,J Sellorita A A
Halfmoon A A Kelp bass A A Blackeye goby C A Rainbow surfperch C A
Jack mackerel A A Black surfpereh A A Halfmoon C A Rubberiip surfperch C A
Kelp bass A A Pile surfperch A A Kelp bass C A,J Sheephead C A
Pile IUrfperch A A Blackeye goby C A Sheephead C A,J Barred sand bass 0 A
Rainbow IUrfperch A A Rainbow perch C A Paimed greenling 0 A,J Blackeye goby 0 A
Sellorila A A Rock wrasse C A Rock wrasse 0 A Garibaldi 0 A
Sheephead A A RUbberlip IUrfperch C A Sc:orpionfish 0 A Halfmoon 0 A
Wh~e IUrfperc:h A A Sheephead C A,S Wh~e surfperch 0 A Kelp bass 0 A
Cabezon C A Cabezon 0 A Paimed green~ng 0 A
Garibaldi 0 A Halfmoon 0 A Pile lurfperch 0 J
Brown rockfish 1 A Opaleye 0 A Rock wrasse 0 A
Garibaldi 0 A Cabezon 1 A
Brown rockfish 1 A Gopher rockfish 1 A
Unac:od 1 A Sc:orpionfish 1 A
DEEP MODULE
Abund. Size Abund. Size Abund Size Abund. Size
BIacksm~ A A,S Blacksm~h A A,S Blacksm~h A A,J,Y Blacksm~ A A,J
Halfmoon C A Wh~e lurfperch A A Sellorila A A,J Barred sand bass C A
Pile IUrfperch C A Senorita A A,S Barred sand bass C A,J Sheephead C A
Black surfperch 0 A Sheephead C A,S Kelp bass C A,J Senorita C A
Blackeye goby 0 A Pile surfperch C A S'-phead C A,J Kelp bass 0 A
Brown rockfish 0 A Blackeye goby C A,S Wh~e IUrfperch C A,J Black surfperch 0 J
Garibaldi 0 A Rainbow surfperch C A Black lurfperch 0 A,J Painted greening 0 A
Paimed greening 0 A Kelp bass C A Blackeye goby 0 A Pile lurfperch 0 J
Rainbow IUrfperch 0 A Black surfperch C A Halfmoon 0 A Blackeye goby 0 A
Sheephead 0 A Painted greening 0 A Rock wrasse 0 A Unid. sc:ulpin 1 A
~esurfperch 0 A Barred land bass 0 A Sc:orpionfish 0 A
Cabezon 1 A Rock wrIIsse 0 A Painted greening 0 A,J
Ungcod 1 A Treefilh 0 A Pile lurfperch 0 A,J
Oliveroc:kfish 0 A,S
Brown rockfish 1 A,S
Rubberiip surfperch 1 A,S
Lingcod 1 A
Cabezon 1 A
Abundance estimates for number of fishes are: A (abundant) = > 50; C (common) = 11-049; 0 (oc:c:asional) = 2-10; and 1 (one) = 1
Size estimates: A=AduM, S=SubaduM (After 1992 the SubaduM size was divided into J=Juvenlle and Y=Young-of-Year).
.'
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Kelp module (60 feet)
Abundance Size Percent
FISHES Estimate Estimate TURF COMMUNITY Cover
Blackeye goby A A Invertebrates
Blacksmith A A,J Erect ectoprocts 17.1
Kelp bass A A,J Hydroids 10.7
Sei'lorita A A Diopatra 8.3
Barred sand bass C J Erect sponge 2.4
Pile surfperch C A,J Encrusting ectoproct 1.4
Sheephead C A Unid. anemone 1.0
White surfperch C A,J Stalked tunicate 0.6
Black surfperch 0 A Ostrich.-plume hydroid 0.4
Halfmoon 0 A Elephant ear tunicate 0.4
Painted greenling 0 A Encrusting sponges 0.4
Rock wrasse 0 A Striped acorn barnacle 0.3
Cabezon 1 A Golden gorgonian 0.3
Kelp rockfish 1 A Orange cup coral 0.1
Rainbow perch 1 A Scaled worm mollusk 0.1
Smooth ronquil 1 A
Abundance estimates: A => 50, C = 11-49, 0 = 2-10,1 = 1
Size estimates: A=Adult. J=Juvenile, Y=Young-of-Year
MACROINVERTEBRATES # per m2 Algae
Wavy top turban snail 0.52 Rhodymenia 6.4
Short-spined sea star 0.15 Giant kelp 1.0
Giant-spined sea star 0.11 Callophyflis 1.0
Spiny lobster 0.09 Gigartina 1.0
Botryocladia 0.4
MACROALGAE # perm2
Giant kelp 1.63
Southern sea palm 0.15
Elk kelp 0.09
Table 6. OCEANSIDE NO.2 - MACROINVERTEBRATE RELATIVE ABUNDANCE*
.'
1990 1992 1994 1997
SHALLOW MODULE densitv (#/m2 ) density (#/m2 ) densitv (#/m2 )
Ostrich-plume hydroid C Giant keyhole limpet 0.10 Hermit crabs >39.22 Giant-spined sea star 0.18
Stalked tunicate* C Spiny lobster 0.08 Giant-spined sea star 0.43 Spiny lobster 0.04
Short-spined sea star C Short-spined sea star 0.08 Spiny lobster 0.31
Rock scallop C Giant-spined sea star 0.03 Giant keyhole limpet 0.12
Spiny lobster C Three-winged murex * Short-spined sea star 0.04
Sea hare 0 Ochre sea star 0.04
* - present Red sea urchin 0.04
*counted as turf invertebrate
in subsequent surveys
MIDDLE MODULE density (#/m2 ) density (#/m2) density (#/m2 )
Rock scallop* C Giant-spined sea star 0.15 Giant-spined sea star 0.30 Sea cucumber 0.40
Sea hare C Short-spined sea star 0.08 Spiny lobster 0.24 Giant-spined sea star 0.13
Ostrich-plume hydroid C Ochre sea star 0.03 Giant keyhole limpet 0.12 Kellet's whelk 0.10
Short-spined sea star 0 Purple sea urchin 0.03 Short-spined sea star 0.12 Giant keyhole limpet 0.05
Stalked tunicate* 0 Spiny lobster * Short-spined sea star 0.03
Giant-spined sea star 0 Spiny lobster 0.03
Spiny lobster 0 * - present, but not in transect
*counted as turf invertebrate
in subseauent surveys
DEEP MODULE densitv (#/m2) density (#/m2 ) densitv (#/m2)
Sea cucumber 0.10 Giant-spined sea star 0.27 Giant-spined sea star 0.40
NO SURVEY • Short-spined sea star 0.10 Spiny lobster 0.14 Ochre sea star 0.40
MODULE NOT LOCATED Rock scallop * Short-spined sea star 0.07
* - abundant, but not counted;
also counted as turf invertebrate
in subseauent surveys
*Abundance estimates for macroinvertebrates in 1990: A=abundant (>50); C=common (11 to 50); O=occasional (2 to 10); 1 = one
Prior to 1992 total counts were used to describe macroinvertebrate abundance.
Beginning in 1992, transects were used to estimate abundance which is expressed in number/metef.
Table 7. CARLSBAD - MACROINVERTEBRATE RELATIVE ABUNDANCE*
<'
1992 1994 1997
SHALLOW MODULE (#/m2 ) (#/m2 ) (#/m2 )
Hermit crab 2.64 Spiny lobster 0.31
DATA LOST Kellet's whelk 0.65 Giant-spined sea star 0.06
Spiny lobster 0.49
Giant-spined sea star 0.33
Sea hare 0.04
Rock scallop 0.04
MIDDLE MODULE (#/m 2 ) (#/m2 ) (#/m2 )
Giant-spined sea star 0.82 Giant-spined sea star 0.43
DATA LOST Short-spined sea star 0.04 Kellet's whelk 0.33
Spiny lobster 0.30
Giant keyhole limpet 0.15
Sea cucumber 0.03
DEEP MODULE (#/m2 ) (#/m2 ) (#/m2 )
Giant-spined sea star 0.27 Spiny lobster 0.77
DATA LOST Spiny lobster 0.14 Giant-spined sea star 0.46
Short-spined sea star 0.07 Kellet's whelk 0.17
Sea cucumber 0.10
Red sea urchin 0.04
*Transects were used to estimate abundance which is expressed in number/metefl.
Table 8. PACIFIC BEACH - MACROINVERTEBRATE RELATIVE ABUNDANCE*
1990 1992 1994 1997
SHALLOW MODULE density (#/m2 ) density (#/m2) density (#/m2)
Tunicate* C Kellet's whelk 0.75 Spiny lobster 1.74 Giant-spined sea star 0.18
Giant-spined sea star C Giant-spined sea star 0.40 Giant-spined sea star 0.53 Spiny lobster 0.04
Short-spined sea star 0 Spiny lobster 0.33 Giant keyhole limpet 0.21
Bar star 0 Short-spined sea star 0.03 Short-spined sea star 0.05
Spiny lobster 0 Bat star 0.02
Wavy top snail 0 Octopus *
Ostrich-plume hydroid* 0
Purple sea urchin 0 * - present, but not in transect
*counted as turf invertebrate
in subsequent surveys
MIDDLE MODULE density (#/m2 ) density (#/m2 ) density (#/m2 )
Ostrich-plume hydroid* A Bat star 0.58 Hermit crabs 2.65 Sea cucumber 0.40
Giant-spined sea star C Giant-spined sea star 0.42 Kellet's whelk 0.82 Giant-spined sea star 0.13
short-spined sea star 0 Spiny lobster 0.10 Giant-spined sea star 0.61 Kellet's whelk 0.10
Bat star 0 Kellet's whelk 0.10 Giant keyhole limpet 0.46 Giant keyhole limpet 0.05
Spiny lobster 0 Short-spined sea star 0.05 Short-spined sea star 0.20 Short-spined sea star 0.03
Fragile tube worm* 0 Sea cucumber 0.02 Purple sea urchin 0.05 Spiny lobster 0.03
Giant keyhole limpet 0.02
*counted as turf invertebrate
in subsequent surveys
DEEP MODULE density (#/m2 ) density (#/m2) density (#/m2)
Ostrich-plume hydroid* C Bat star 1.17 Hermit crabs 2.86 Giant-spined sea star 0.40
Bat star C Spiny lobster 0.38 Kellet's whelk 0.38 Ochre sea star 0.40
Fragile tube worm* 0 Giant-spined sea star 0.13 Giant-spined sea star 0.28
Spiny lobster 0 Kellet's whelk 0.03 Giant keyhole limpet 0.17
Kellefs whelk 0 Short-spined sea star 0.03 Spiny lobster 0.03
Giant-spined sea star 0 Sea cucumber 0.02 Short-spined sea star 0.03
*counted as turf invertebrate
in subsequent surveys
*Abundance estimates for macroinvertebrates in 1990: A=abundant (>50); C=common (11 to 50); O=occasional (2 to 10); 1 = one
Prior to 1992 total counts were used to describe macroinvertebrate abundance.
Beginning in 1992, transects were used to estimate abundance which is expressed in number/meter2 •
Table 9. OCEANSIDE NO.2 - MACROALGAE RELATIVE ABUNDANCE·
"
1990 1992 1994 1997
SHALLOW MODULE density (#/m2'1 density (#/m2) density (#/m2 )
Giant kelp A Feather-boa kelp 0.05 Desmaf9stia 1.41
Feather-boa kelp 0 Pterygophora 0.03 Giant kelp 0.04 No macroalgae present
Pterygophora R Desmarestia 0.03 Pterygophora 0.04
MIDDLE MODULE density (#/m2\ density (#/m 2) density (#/m 2 )
Giant kelp C Giant kelp * Giant kelp 0.42
Pterygophora C Desmarestia 0.12 No macroalgae present
* - one present. but not on transect
DEEP MODULE density (#/m2 density (#/m 2 ) density (#/m2 )
Giant kelp 0.05 Desmaf9stia 3.20
NO SURVEY • Desmarestia * Giant kelp 0.07 No macroalgae present
MODULE NOT LOCATED
* - present, but not counted
*Abundance estimates for macroalgae in 1990: A=abundant (>50% cover); C=common (11-50% cover); O=occasional (2 -11% cover); R=rare «1% cover).
Beginning in 1992, transects were used to estimate abundance which is expressed in number/meter2.
Scientific names are used for species which do not have generally used common names.
Table 10. CARLSBAD - MACROALGAE ABUNDANCE*
.,
1992 1994 1997
SHALLOW MODULE (#/m2 ) (#/m2 ) (#/m2 )
Giant kelp 1.7 Giant kelp 3.66 Feather-boa kelp 0.08
Desmarestia 1.34
Laminaria 0.33
Pterygophora 0.20
MID MODULE (#/m2) (#/m2) (#/m2)
Giant kelp 2.8 Laminaria 5.51 Laminaria 0.05
Giant kelp 1.35
Desmarestia 1.10
Pterygophora 0.04
DEEP MODULE (#/m2 ) (#/m2) (#/m2)
Giant kelp 4.3 Desmarestia 3.20 Laminaria 0.04
Giant kelp 0.07
*Transects were used to estimate abundance which is expressed in number/mete~.
Scientific names are used for species which do not have generally used common names.
Table 11. PACIFIC BEACH - MACROALGAE RELATIVE ABUNDANCE
f
1990 1992 1994 1997
SHALLOW MODULE density (#/m2) density (#/m2) density (#/m2)
Pterygophora C Cystoseira 0.30 Cystoseira 0.39
Giant kelp 0 Pterygophora 0.08 No Macroalgae Laminaria 0.11
Giant kelp 0.02 Macrocystis 0.11
Feather-boa kelp 0.02 Pterygophora 0.08
Agarum 0.02
Farfowia 0.02
MIDDLE MODULE densitv (#/m2) density (#/m2) density (#/m2 )
Pterygophora C Cystoseira 0.27 Pterygophora 0.13
Elk kelp 0 Farlowia 0.13 No Macroalgae Cystoseira 0.13
Giant kelp 0 Pterygophora 0.05 Macrocystis 0.03
Elk kelp 0.02 Laminaria 0.03
Giant kelp 0.02
DEEP MODULE densitv (#/m2) densitv (#/m2\ densitv (#/m2 )
Giant kelp 0 Agarum 0.05 Laminaria 0.03
Elk kelp 0 No Macroalgae
Pterygophora 0
"Abundance estimates for macroalgae In 1990: A=abundant (>50% cover); C=common (11-50% cover; O=occasional (2 -11% cover); R=rare «1% cover).
Beginning In 1992, transects were used to estimate abundance which Is expressed In number/meter".
Scientific names are used for species which do not have generally used common names.
Table 12. OCEANSIDE NO.2· TURF INVERTEBRATE RELATIVE ABUNDANCE*
Cl
1990 1992 1994 1997
SHALLOW MODULE % cover % cover % cover
Gorgonians C Erect ectoprocts 42.5 Erect ectoprocts 32.1 Golden gorgonian 66.3
Mud ectoproct C Hydroids 18.5 Golden gorgonian 27.5 Erect ectoprocts 40.0
Feather-duster worm 0 Golden gorgonian 18.5 Orange cup coral 0.9 Strawberry anemone 2.7
Strawbeny anemone 0 Tube worms 18.5 Scaled worm mollusk 0.8 Encrusting sponges 1.5
Erect bryozoans 0 Fluted bryzoan 4.0 Parchment tube worm 0.7 Encrusting ectoprocts 1.2
Hydroids 0 Ostrich-plume hydroid 2.6 Strawbeny anemone 0.7 Brown gorgonian 0.8
Bamacles 0 Tunicates 0.9 Brown gorgonian 0.6 Orange cup corals 0.6
Encrusting ectoprocts 0.9 Tunicates 0.2 Hydroids 0.6
Strawbeny anemone 0.5 Hydroids 0.2 Ostrich-plume hydroid 0.3
Scaled worm mollusk 0.5 Scaled worm mollusk 0.3
Mussels 0.1
Rock scallops (#1m") 0.3
MIDDLE MODULE % cover % cover % cover
Mud ectoproct A Erect ectoprocts 50.0 Erect ectoprocts 43.3 Erect ectoprocts 45.8
Strawbeny anemone C Barnacles 23.1 Strawbeny anemone 9.3 Strawbeny anemone 16.0
Barnacles C Hydroids 20.6 Ostrich-plume hydroid 5.9 Golden gorgonian 7.9
Erect bryozoans C Tunicates 13.5 Encrusting sponges 3.7 Hydroids 2.3
Encrusting sponges C Strawbeny anemone 5.2 Hydroids 1.5 Encrusting sponges 2.1
Encrusting tunicates C Feather-duster worm 2.0 Golden gorgonian 1.0 SCaled worm mollusk 1.3
Golden gorgonian 2.0 Encrusting bryozoans 0.8 Encrusting ectoprocts 1.3
Encrusting ectoprocts 1.6 Scaled worm mollusk 0.5 Orange cup coral 1.3
Parchment tube worm 0.4 Red gorgonian 0.8
Stalked tunicate 0.3 Brown cup coral 0.8
Rock scallops (#1m") 1.2 Tunicates 0.3 Brown gorgonian 0.4
Brown gorgonian 0.2 Striped Acorn Barnacle 0.3
Erect sponges 0.1 Erect sponges 0.2
Orange cup coral 0.1 Feather-duster worm 0.1
Anemone 0.1 Chama (#1m%) 0.3
DEEP MODULE % cover % cover % cover
Hydroids 26.4 Erect ectoprocts 20.0 Erect ectoprocts 63.3
NO SURVEY • Sponges 20.1 Strawbeny anemone 13.0 Strawbeny anemone 11.7
MODULE NOT LOCATED Erect ectoprocts 14.1 Encrusting sponges 10.5 Ostrich-plume hydroid 2.9
Strawbeny anemone 8.2 Ostrich-plume hydroid 3.3 Erect sponges 1.5
Ostrich-plume hydroid 0.5 Erect sponges 0.9 Hydroids 0.6
Tunicates 0.3 Hydroids 0.9 Cup coral 0.6
Bamacles 0.3 Mud ectoproct 0.4 Encrusting ectoproct 0.5
Tunicates 0.1 Striped acorn bamacle 0.1
Stalked tunicate 0.1
Rock scalidDs (#1m%) 0.3
·Abundance estimates for too invertebnltes in 1990: A=abundant (>50% cover); C=common (11-50% cover); O=occasional (2 -11% cover); R=rere «1% cover).
Abundance esUmates for 1992 and later years are expressed In percentages.
Table 13. CARLSBAD - TURF INVERTEBRATE RELATIVE ABUNDANCE*
1992 1994 1997
SHALLOW MODULE % cover % cover % cover
Erect ectoprocts 30.2 Erect ectoprocts 21.7 Erect ectoprocts 24.6
Mussels 19.8 Scaled worm mollusk 2.4 Scaled worm mollusk 24.2
Live barnacles 1.0 Golden gorgonian 1.2 Golden gorgonian 23.3
Hydroids 0.4 Ostrich-plume hydroid 0.8 Encrusting ectoproct 1.9
Tube worms 0.2 Parchment tube worm 0.8 Hydroids 1.8
Tunicates 0.4 Mussel 1.0
Striped Acorn Bamacle 0.3 Anemones 0.9
Stalked tunicate 0.2 Orange cup corals 0.8
Mussel 0.1 Strawberry anemone 0.8
Brown gorgonian 0.1 Encrusting sponges 0.7
Orange cup coral 0.1 Brown gorgonian 0.3
Gem murex (#/m2) 3.00 Striped Acorn Barnacle 0.2
Rock scallop (#/m2) 0.67 Erect sponge 0.1
Kellet's whelk (#/m2) 0.33 Tunicates 0.1
MIDDLE MODULE % cover % cover % cover
Erect ectoprocts 23.3 Erect ectoprocts 21.3 Erect ectoprocts 36.7
Hydroids 4.3 Scaled worm mollusk 4.1 Golden gorgonian 22.9
Mussels 4.2 Golden gorgonian 3.3 Scaled worm mollusk 20.9
Live barnacles 0.9 Striped Acorn Bamacle 1.2 Hydroids 5.2
Dead barnacles 0.4 Encrusting sponges 1.1 Encrusting ectoprocts 4.0
Ostrich-plume hydroid 0.1 Encrusting sponges 1.4
Orange cup coral 0.1 Orange cup coral 1.3
Brown gorgonian 0.1 Erect sponges 0.8
Brown gorgonian 0.4
Tube worm 0.2
Kellet's whelk (#/m2) 0.33 Mussel 0.1
Unknown anemone 0.1
Stalked tunicate 0.1
Kellet's whelk (#/m2) 1.67
DEEP MODULE % cover % cover % cover
Hydroids 14.7 Erect ectoprocts 17.1 Erect ectoprocts 45.0
Dead barnacles 7.5 Encrusting sponges 1.7 Golden gorgonian 13.5
Erect ectoprocts 3.4 Ostrich-plume hydroid 1.7 Orange cup coral 2.9
Live barnacles 2.8 Golden gorgonian 0.8 Encrusting ectoproct 2.7
Tunicates 2.5 Strawberry anemone 0.5 Scaled worm mollusk 1.4
Ectoprocts 1.3 Orange cup coral 0.3 Encrusting sponges 1.3
Mussels 0.6 Other tunicates 0.2 Tunicates 1.1
Stalked tunicate 0.1 Stalked tunicate 0.1 Brown gorgonian 1.0
Fragile tube worm * Other hydroids 0.3
Ostrich-plume hydroid 0.2
Striped Acorn Barnacle 0.2
Erect sponge 0.1
* - present, but not sampled Brown cup coral 0.1
Strawberry anemone 0.1
*Abundance estimates are expressed in percent coverage.
Table 14. PACIFIC BEACH - TURF INVERTEBRATE RELATIVE ABUNDANCE*
-<t I '1
1990 1992 1994 1997
SHALLOW MODULE % cover % cover % cover
Strawberry anemone C Mud ectoproct 50.5 Orange cup coral 7.0 Orange cup coral 33.5
Abalone jingle C Erect ectoprocts 4.6 Hydroids 3.1 Erect ectoprocts 8.0
Scaled worm mollusk 25 Erect ectoprocts 1.6 Ostrich-plume hydroid 2.8
Strawberry anemone 2.2 Strawberry anemone 2.1
Encrusting ectoprocts 2.2 Scaled worm mollusk 1.1
Hydroids 1.5 Abalone jingle (#1m2 ) 2.33 Encrusting ectoproct 1.0
Other hydroids 0.5
Encrusting sponges 0.4
Rock scallops (#/m 2) 0.67 Erect sponges 0.2
Stalked tunicate 0.1
Striped Acorn Bamade 0.1
Abalone jingle (#/m2) 2.33
MIDDLE MODULE % cover % cover % cover
Mud ectoproet A Strawberry anemone 5.7 Erect ectoprocts 4.0 Orange cup coral 8.9
Barnacle A Hydroids 4.5 Strawberry anemone 3.9 Phoronid 2.5
Strawberry anemone 0 Encrusting ectoprocts 4.5 Orange cup coral 1.0 Erect ectoprocts 1.3
Erect ectoprocts 4.5 Ostrich-plume hydroid 0.5 Encrusting ectoproct 0.8
Tunicates 0.2 Hydroids 0.3 Strawberry anemone 0.5
Ostrich-plume hydroid 0.3
Hydroids 0.1
Rock scallops (#/m2 ) 0.33
Abalone jingle (#/m2) 1.33
Kellet's whelk (#/m') 0.67
DEEP MODULE % cover % cover % cover
Mud ectoproct A Hydroids 6.0 Strawberry anemone 3.8 Ostrich-plume hydroid 16.3
Erect ectoprocts C Erect ectoprocts 3.6 Ostrich-plume hydroid 3.4 Encrusting ectoproct 6.9
Tunicates 0.2 Hydroids 1.1 Strawberry anemone 2.6
Erect ectoprocts 0.4 Other hydroids 1.5
Encrusting sponges 0.4 Orange cup coral 1.1
Orange cup coral 0.2 Striped Acorn Bamade 0.9
Erect ectoprocts 0.9
Encrusting sponges 0.6
Abalone iinQle (#/m2) 1.00
·Abundance esUmaleslor tuff Invertebrates In 1990: AKabundanl (>50% cover); C=commoo (11-50% cover; Q=occaslonal (2 -11 % cover): R=rare «1 % cover).
Abundance estimates lor 1992 and later years are exprassed in percent coverage.
Table 15. OCEANSIDE NO.2 - TURF ALGAE RELATIVE ABUNDANCE*
·1 \ II
1990 1992 1994 1997
SHALLOW MODULE %cover %cover % cover
Rhodymenia pacifica R Acrosorium 2.5 Filamentous reds 9.2 Filamentous reds 4.2
Foliose reds R Diatoms 2.2 Dictyota 4.8 Rhodymenia 2.9
Filamentous reds 1.1 Rhodymenia 3.6
Dictyota 0.6 Gigartina 1.3
Gelidium 0.1 Acrosorium 0.6
Callophyl/is 0.6
Desmarestia 0.2
MIDDLE MODULE %cover %cover %cover
Rhodymenia pacifica R Diatoms 7.3 Rhodymenia 8.5 Filamentous reds 10.0
Foliose reds R Filamentous reds 6.7 Filamentous reds 6.3 Rhodymenia 1.0
Rhodymenia 2.7 Microcladia 0.4 Foliose reds 0.1
DEEP MODULE %cover %cover %cover
Rhodymenia 1.7 Rhodymenia 4.1 Foliose reds 1.7
NO SURVEY- Diatoms 1.5 Microcladia 2.3
MODULE NOT LOCATED Desmarestia 1.8
"Abundance estimates for turf algae in 1990: A=abundant (>50% cover); C=common (11-50% cover; O=occasional (2 -11% cover); R=rare «1% cover).
Abundance estimates for 1992 and later years are expressed in percent coverage.
Scientific names are used for species which do not have generally used common names.
Table 16. CARLSBAD - TURF ALGAE ABUNDANCE*
1992 1994 1997
SHALLOW MODULE ,%cover %cover %cover
Rhodymenia 10.4 Corallina 25.4 Foliose reds 12.9 '
Corallines 5.9 Rhodymenia 21.9 Coralline reds 4.3
Gelidium 0.3 Laminaria 1.3 '
Gigartina 0.3 Giant kelp 0.6
Colpomenia 0.1
:
MIDDLE MODULE %cover %cover %cover
Rhodymenia 18.9 Corallina 34.2 Foliose reds 3.8
I
Corallines 5.2 Rhodymenia 21.4 Coralline reds 0.9
Diatoms 4.2 Giant kelp 3.3 Rhodymenia 0.9
Southern sea palm 2.1
Plocamium 0.5
Botryocladia 0.3
DEEP MODULE %cover %cover %cover
Rhodymenia 40.4 Rhodymenia 38.8 Foliose reds 6.3
Diatoms 2.6 Corallina 19.2 Rhodymenia 1.4
Botryocladia 1.8 Laminaria 5.5 Coralline reds 0.3
Pterygophora 1.4
Cystoseira 1.3
Botryocladia 0.5
Giant kelp 0.4
Ca/lophyllis 0.2
*Abundance estimates are expressed in percent coverage.
Scientific names are used for species which do not have generally used common names.
Table 17. PACIFIC BEACH - TURF ALGAE RELATIVE ABUNDANCE*
1990 1992 1994 1997
SHALLOW MODULE %cover %cover % cover
Callophyllis vio/acea 0 Filamentous reds 46.0 Filamentous reds 70.4 Filamentous reds 25.5
Polyneura latissima 0 Dictyota 3.2 Foliose reds 10.6 Foliose reds 12.0
Rhodymenia pacifica R Rhodymenia 2.5 Dictyota 3.1 Rhodymenia 6.9
Gelidium 2.0 Coralline reds 0.2 Dictyota 1.0
Foliose reds 1.6 Botryocladia 0.4
Brown blade 1.5
MIDDLE MODULE %cover % cover % cover
Callophyllis violacea a Filamentous reds 73.0 Filamentous reds 72.1 Filamentous reds 55.0
Gigartina exasperata a Foliose reds 1.8 Foliose reds 10.7 Foliose reds 19.2
Polyneura latissima a Rhodymenia 1.5 Gigartina 12.9
Gelidium sp. a Brown blade 0.1 Rhodymenia 1.8
Rhodymenia pacifica a Botryocladia 0.9
Crustose coralline 0.4
DEEP MODULE %cover % cover % cover
Rhodymenia pacifica 0 Filamentous reds 69.3 Filamentous reds 52.5 Foliose reds 46.3
Polyneura latissima a Rhodymenia 12.0 Foliose reds 32.3 Filamentous reds 15.0
Foliose reds 5.0 Plocamium 0.1
·Abundance estimates for turf algae in 1990: A=abundant (>50% cover); C=common (11-50% cover; O=occasional (2 -11% cover); R=rare «1 % cover).
Abundance estimates for 1992 and later years are expressed in percent covage.
Scientific names are used for species which do not have generally used common names.
